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PREFACE 


This  report  was  prepared  by  Gary  M.  Trachler,  Electronics  Technician, 
James  S.  Morse,  Electronics  Engineer,  both  of  the  Engineering  and  Measure¬ 
ment  Services  Branch,  Technical  Services  Division,  and  Steven  F.  Daly, 
Research  Hydraulic  Engineer,  Ice  Engineering  Research  Branch,  Experimental 
Engineering  Division,  U.S.  Army  Cold  Regions  Research  and  Engineering 
Laboratory.  Funding  was  provided  by  DA  Project  4A161 101A91D,  In-House 
Laboratory  Independent  Research. 

Steven  F.  Daly  determined  the  instrument's  capabilities  and  require¬ 
ments.  James  Morse  conceived  the  idea  of  Interfacing  a  thermistor  and 
reslstance-to-voltage  converter  to  a  microprocessor.  Gary  Trachler 
selected  the  modules  and  components,  built  the  instrument,  developed  the 
software  and  tested  the  final  product.  The  authors  thank  John  Kalafut  for 
his  assistance  in  building  the  Instrument,  Robert  Demars  and  David 
L'Heureux  for  their  precision  photography  and  assistance  in  making  the 
printed  circuit  boards,  Mark  Hardenberg  for  editing  this  report  and  Matthew 
Paclllo  for  drafting  the  figures. 

The  contents  of  this  report  are  not  to  be  used  for  advertising  or  pro¬ 
motional  purposes.  Citation  of  brand  names  does  not  constitute  an  official 
endorsement  or  approval  of  the  use  of  such  commercial  products. 
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USACRREL  PRECISE  THERMISTOR  METER 
G.M.  Trachler,  J.S>  Morse  and  S.F.  Daly 

INTRODUCTION 

The  study  of  ice  In  rivers,  and  particularly  frazil  ice,  has  been 
frustrated  by  the  lack  of  an  Instrument  capable  of  determining  water 
temperature  with  sufficient  accuracy  and  precision.  For  example,  in  Che 
study  of  frazil  ice  produced  in  rivers  and  streams,  it  is  well  known  that 
supercooling  of  the  water  during  frazil  production  in  the  field  rarely 
exceeds  0,03‘’C,  and  never  exceeds  0,05®C.  It  is  vitally  important  that 
temperatures  of  supercooling  be  measured  accurately  to  within  0,01 °C  for 
us  Co  Increase  our  understanding  of  Che  fundamentals  of  frazil  formation. 


Many  other  Ice  phenomena  may  also  be  critically  dependent  on  small  changes 
of  supercooling.  However,  until  now  there  has  existed  no  temperature 
measuring  device  that  is  both  portable  and  rugged  enough  to  be  used  in  the 
field  and  that  has  the  precision  and  accuracy  necessary. 

This  report  describes  an  accurate,  precise  temperature  measurement 
Instrument  recently  developed  at  CRREL  (Fig.  1).  A  unique  feature  of  this 
instrument  is  the  use  of  software  to  compensate  for  temperature-dependent 
variation  in  the  instrument's  circuitry.  This  greatly  Improves  the 
accuracy  of  the  Instrument  over  a  wide  range  of  ambient  temperatures. 

INSTRUMENT  REQUIREMENTS 

The  meter  would  be  primarily  used  to  measure  water  temperature  under  a 
variety  of  field  conditions.  It  had  to  be  built  to  meet  the  following 
requirements: 

1.  Accuracy  —  the  meter  should  be  accurate  to  O.Ol^C  i  0.025®C. 

2.  Operating  conditions  —  the  meter  should  be  able  to  operate  under 
a  variety  of  field  conditions  in  temperatures  ranging  from  -30®  to  20®C. 

It  must  also  be  waterproof,  buoyant,  and  rugged  enough  to  withstand  the 
rigors  of  field  use. 

3.  Usability  —  the  meter  should  have  a  digital  readout  of  tempera¬ 
ture.  It  should  be  hand-held  and  convenient  to  use.  To  allow  maximum 
portability,  it  should  be  battery  operated. 

INSTRUMENT  DEVELOPMENT 
General 

Given  the  meter  requirements  outlined  in  the  previous  section,  a 
survey  was  made  of  the  commercially  available  digital  thermometers;  none 
that  approached  the  required  accuracy  and  resolution  were  suitable  for 
field  use.  The  majority  required  a  ilO-Vac  power  source  and  all  would 
operate  correctly  under  a  very  limited  ambient  temperature  range.  In 
addition,  none  were  rugged  enough  or  waterproof.  Therefore,  we  decided  to 
develop  and  construct  a  unit  at  CRREL. 

The  choice  of  temperature  sensors  was  narrowed  down  to  either  a 
Platinum  Resistance  Temperature  Device  (PtRTD)  or  a  calibrated  thermistor. 
Both  are  widely  used  in  Industry  and  known  for  their  long-term  stability. 

We  chose  the  thermistor.  Thermistors  have  a  much  larger  change  in 
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Figure  2,  Instrument  circuit  block  diagram. 


resistance  per  unit  temperature  change  than  a  PtRTD,  allowing  greater 
accuracy  in  measuring  small  changes  in  temperature. 

There  are  two  popular  methods  for  precisely  measuring  resistance.  One 
uses  the  Wheatstone  bridge,  where  the  unknown  resistance  is  matched  to  a 
known  resistance.  The  other  uses  a  constant  current  that  is  passed  through 
the  thermistor  while  the  voltage  across  It  is  measured.  The  resistance  can 
then  be  calculated  using  Ohm's  law.  This  is  the  principle  behind  a  stand¬ 
ard  ohmmeter.  These  two  methods  are  well  proven,  but  inconvenient  for 
determining  temperature.  The  user  must  first  determine  the  thermistor's 
resistance.  He  must  then  look  up  the  resistance  on  a  special  table  relat¬ 
ing  resistance  to  temperature.  One  of  these  tables  must  be  on  hand  for 
each  thermistor  being  used. 

We  decided  to  use  a  calibrated  thermistor,  constant  current  and  an 
analog-to-dlgital  (A/D)  converter  to  measure  the  voltage  (Fig.  2).  This 
voltage  would  then  be  used  to  determine  the  thermistor's  resistance.  To 
avoid  the  inconvenience  of  conversion  tables,  we  Included  a  microcomputer 
in  the  instrument  to  convert  the  thermistor's  resistance  to  a  temperature 
reading.  The  calculated  temperature  is  then  displayed. 

The  known  resistance  of  the  thermistor  can  be  used  to  determine  its 
temperature  by  use  of  the  Stelnhart-Hart  equation  (Stelnhart  and  Hart  1968, 
Yellow  Springs  Instruments  Inc.  1971),  The  constants  for  the  Stelnhart- 
Hart  equation  would  be  entered  by  the  user  into  memory,  and  remain  there 
until  changed. 
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The  Stelnhart-Hart  equation,  which  describes  the  temperature  of  a 
thermistor  as  a  function  of  Its  resistance.  Is 

=  A  +  B  *  (In  R)  +  C  *  (In  R) ^  (1) 

where  T  =  temperature  (Kelvins) 

R  =  thermistor  resistance  (ohms) 

A,B,C  =  fitting  constants  (determined  through  the  thermistor  calibra¬ 
tion). 

Hardware 

The  electronics  are  housed  In  a  case  that  Is  7  In.  wide,  11  In.  long 
and  8-1/2  In.  high,  which  can  be  hand  carried.  The  case  has  been  sealed 
thoroughly  with  silicone  sealant  on  all  through-holes,  cutouts  and  weld 
seams.  This  Includes  sealing  the  joint  between  the  top  panel  and  the  lower 
box,  and  around  all  mounting  holes  on  the  top  panel.  Note  that  the  hinged 
cover  does  not  make  a  waterproof  seal  when  closed.  The  Instrument's 
electronics  consist  of  an  analog  Printed  Circuit  Board  (PCB)  that  converts 
the  thermistor's  resistance  to  a  voltage,  and  a  low  power  microcomputer 
that  converts  the  voltage  to  a  temperature  reading  and  displays  It.  The 
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Figure  3.  Hardware 
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Figure  4.  Schematic  of  analog  PCB  circuit  (low  temperature  coefficient 
bypass  capacitors  used;  a  bypass  capacitor  Is  placed  between  the  digital 
and  analog  grounds  on  the  PCB). 


microcomputer  consists  of  a  processor  board,  memory  board  and  an  A/D 
converter  board.  The  microcomputer  programs  were  created  on  a  National 
Semiconductor  Corporation  Starplex  II  microprocessor  development  system. 
With  this  system,  the  microcomputer  programs  were  written  In  a  higher  level 
language,  compiled.  Interactively  debugged  and  then  "down  loaded"  to  the 
microcomputer.  Figure  3  shows  the  hardware. 

Analog  board 

The  schematic  diagram  of  the  analog  PCB  Is  shown  In  Figure  4.  The 
analog  PCB  consists  of  the  circuitry  needed  to  convert  the  thermistor's 
resistance  to  a  millivolt  value  and  can  be  divided  Into  two  sections.  The 
first  portion  of  the  circuit  Is  a  voltage-to-current  converter.  It  Is  a 
standard  "op-amp"  (operational  amplifier)  circuit  that  converts  the  output 
of  the  precision  voltage  reference  to  a  constant  current  source  (Stout  and 
Kaufman  1976).  The  AD2702UD  precision  voltage  reference  Is  the  most  stable 
one  available  without  an  Internal  heater.  Its  nominal  output  Is  10.000 
Vdc,  with  a  low  (5  ppm/"C)  temperature  coefficient.  We  wanted  one  without 
a  heater  to  minimize  power  consumption  from  the  battery  pack.  The  LM108AHM 


operational  amplifier  also  has  a  very  low  power  requirement  and  temperature 
coefficient  (1  uV/^C).  All  of  the  resistors  in  this  part  of  the  circuit 
have  temperature  coefficients  of  only  2  ppm/^C. 

The  last  part  of  the  circuit  is  a  current ~to-volt age  converter.  The 
thermistor  is  placed  in  the  op-amp's  feedback  loop.  This  assures  that  a 
constant  current  of  12.207  pA  is  passed  through  it.  The  op-amp's  output 
voltage  is  then  linearly  proportional  to  the  thermistor's  resistance  (Stout 
and  Kaufman  1976). 

Microcomputer  system 

Processor  board.  .The  processor  board  controls  all  Input/Output  (I/O), 
corrects  the  voltage  for  temperature-dependent  variation,  determines  the 
thermistor's  resistance,  and  solves  the  Steinhart-Hart  equation  to 
determine  the  thermistor's  temperature.  It  has  a  National  Semiconductor 
Corporation  (NSC800)  microprocessor,  2  kilobytes  of  Eraseable, 

Programmable,  Read  Only  Memory  (EPROM)  and  2  kilobytes  of  Random  Access 
Memory  (RAM).  It  also  contains  the  I/O  ports  that  interface  to  the 
keyboard  and  Liquid  Crystal  Display  (LCD).  The  machine  cycle  time  of  the 
microcomputer  is  1  ps. 

Memory  board.  The  program  and  thermistor  constants  are  stored  on  the 
memory  board.  Seven  27C16  2-kilobyte  by  8-bit  EPROMs  and  one  52B13  2- 
kilobyte  by  8-bit  Electrically  Alterable,  Read  Only  Memory  (EAROM)  are 
mounted  on  this  board.  The  program  is  stored  in  the  former  and  the  ther¬ 
mistor  fitting  constants  in  the  latter.  The  EAROM  requires  a  10  ms  write 
cycle,  so  a  hardware  time  delay  was  designed  to  lengthen  the  machine  write 
cycle  from  1  ps  to  10  ms. 


A/D  board.  The  A/D  board  converts  the  millivolt  output  from  the  ana¬ 
log  PCB  to  digital.  A  12-bit  CMOS  integrating  converter  does  this.  There 
are  eight  differential  input  channels  that  can  be  selected  Individually  and 
a  programmable  gain  amplifier.  The  six  ranges  of  the  programmable  gain 
amplifier  have  full  scale  input  voltages  of  3.0,  2.5,  1.0,  0.5,  0.25,  and 
0.1  V.  Temperature-dependent  variations  of  this  circuitry  are  corrected  by 
the  software. 

Only  two  of  the  eight  available  channels  are  used.  One  channel  sam¬ 
ples  the  output  of  the  analog  PCB  and  the  other  monitors  an  onboard  temper¬ 
ature  sensor,  measuring  the  Instrument's  Internal  temperature.  This 


Figure  5.  Output  units  of  onboard 
temperature  sensor. 


measurement  is  required  to  allow  the  software  to  compensate  for  tempera¬ 
ture-dependent  variations  in  the  analog  PCB  and  the  A/D  board.  The  output 
from  the  Internal  sensor  is  proportional  to  the  actual  temperature.  The 
relationship  between  the  internal  sensor  output  and  temperature  (°C)  is 
shown  in  Figure  5. 

Software 

The  software  has  two  tasks.  The  first  is  to  control  the  instrument 
Itself,  Initializing  the  instrument  when  it  is  turned  on,  accessing  the  A/D 
converter,  accepting  Information  from  the  keyboard,  displaying  Information, 
etc.  The  second  is  to  accurately  determine  the  temperature  of  the  ther¬ 
mistor.  It  does  this  by  applying  the  compensations  required  because  of  the 
instrument's  temperature,  calculating  the  thermistor's  true  resistance,  and 
then  solving  the  Steinhart-Hart  equation.  Appendix  A  contains  listings  and 
flowcharts  for  the  software. 

The  software  module  that  accomplishes  the  first  task  is  labeled  METER 
(Fig.  Ala).  METER  was  written  in  the  higher  level  language  PLM80.  This 
language  is  very  convenient  for  Interfacing  the  several  boards  that  form 
the  Instrument  and  it  is  especially  useful  for  testing  and  manipulating  the 
bits  of  data  that  must  be  transferred  between  the  boards. 

The  software  module  that  accomplishes  the  second  task  is  labeled 
TMPCLC  (Fig.  Alb).  This  module  is  called  as  a  subroutine  by  METER.  TMPCLC 
was  written  in  the  higher  level  language  PASCAL  because  it  would  have  been 
impossible  to  do  the  required  calculations  with  PLMSO's  16-bit  Integer 
arithmetic.  PASCAL,  on  the  other  hand,  is  very  good  for  mathematical 
calculations  but  is  difficult  to  use  for  interfacing  boards. 
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As  mentioned  earlier,  Che  Instrument  was  developed  on  a  National  Semi¬ 
conductor  Corporation  Starplex  11  microprocessor  development  system. 
However,  all  of  the  Starplex  system  calls,  file  structure  subroutines  and 
1/0  subroutines  were  eliminated  from  the  run-time  library.  This  saves  a 
great  deal  of  memory  space. 

Combining  the  PASCAL  and  PLM80  languages  presented  special  problems, 
including  data  transfer,  duplicate  function  names  and  other  interfacing 
problems.  To  facilitate  data  transfer,  all  information  is  passed  between 
METER  and  TMPCLC  through  dedicated  memory  locations.  This  eliminates  any 
need  for  matching  variable  types  between  the  languages.  Debugging  is  made 
easier  when  we  know  where  each  variable  is  stored. 

METER 

When  the  instrument  is  turned  on,  the  program  begins  running  METER. 

The  first  function  is  to  initialize  the  I/O  ports,  the  stack  pointer  and 
the  PASCAL  pointers.  The  A/D  circuit  board  is  also  initialized.  The 
program  then  repeatedly  samples  the  A/D  board.  Sampling  the  A/D  board  for 
a  valid  reading  is  a  two-step  process.  First,  the  programmable  op-amp  is 
set  to  the  highest  amplification,  and  second,  a  reading  is  taken  on  this 
range  and  checked  for  an  over-range  indication.  If  it  is  not  over-range, 
the  program  returns  to  the  main  loop.  If  the  reading  was  over-range  the 
op-amp  is  set  to  the  next  lower  amplification.  The  A/D  board  is  sampled 
and  checked  again  for  an  overrange  condition.  This  process  of  reducing  the 
amplification  continues  through  each  of  the  six  ranges  until  a  valid 
reading  is  obtained.  This  procedure  is  used  to  keep  the  number  output  from 
the  A/D  board  as  large  as  possible  without  going  over-range,  thus  providing 
the  maximum  accuracy  of  the  instrument.  When  a  valid  reading  has  been  ob¬ 
tained,  TMPCLC  is  called  and  the  reading  is  converted  to  a  temperature. 

The  keyboard  is  sampled  within  the  range  selection  loop.  If  the  'F'- 
key  is  being  pressed,  the  command  interpreter  subroutine  labeled  FUNCTION 
is  called.  All  other  keys  will  be  Ignored.  There  are  two  things  the  user 
may  do  while  in  FUNCTION.  The  thermistor  calibration  constants  in  use  may 
be  displayed  or  new  ones  entered  (refer  to  Appendix  B  for  more  detailed 
operating  instructions). 

TMPCLC 

The  main  function  of  TMPCLC  is  to  convert  the  raw  number  output  from 
the  A/D  converter  to  a  temperature  reading.  First,  TMPCLC  reads  the  ther- 


misCor  constaats  from  the  EAROM  and  combines  the  digits  to  form  floating 
point  numbers*  It  uses  a  lookup  table  to  determine  the  op-amp's  voltage 
range  and  the  range-dependent  temperature  compensation  coefficients. 

The  first  compensation  is  applied  to  the  full-scale  voltage  of  the  A/D 
board  at  the  range  selected.  Through  experimentation,  described  in  the  next 
section,  we  found  that  the  full-scale  voltage  could  be  described  as 

VFS  =  a  +  b  T  +  c  T^  +  d  T^  (2) 

n  n  n  n  n 

where  VFSj,  is  the  full-scale  voltage  of  the  nth  range,  ajj,  b^^,  c^j, 
d^  are  the  temperature  compensation  coefficients  associated  with  the  nth 
range,  and  T  is  the  Instrument  temperature,  determined  by  the  internal 
sensor. 

Next,  the  raw  binary  output  of  the  A/D  board  is  corrected  for  tempera¬ 
ture.  This  is  done  by  the  equation 

Y  =  Xj  +  m  T  +  b  (3) 

*  n  on 

where  X^  is  the  raw  output  of  the  A/D  board,  m^^  and  b^^^  are  constants, 
associated  with  the  nth  range,  and  T  is  the  instrument  temperature,  deter¬ 
mined  by  the  onboard  sensor.  This  equation  in  effect  applies  a  tempera¬ 
ture-dependent  offset  shift  to  the  raw  output  of  the  A/D  board.  This  off¬ 
set  was  found  through  experimentation,  again  described  in  the  next  section* 
The  actual  voltage  measured  by  the  A/D  board  is  found  as 

MVADC  =  (Y/4095)  *  VFS  (4) 

where  MVADC  is  the  actual  measured  voltage,  and  4095  is  the  total  number  of 
bits  at  full  scale.  Next,  there  is  a  known  offset  associated  with  the 
analog  PCB,  which  is  temperature-dependent.  This  offset,  Fg,  is  deter¬ 
mined  as 

F  *  a„  +  b  T  +  c  T^  +  b  T^  (5) 

s  ^CB  PCB  PCB  PCB  ^  ’ 

where  ap(;3>  Cp^g,  dp^g  are  the  temperature  compensation 

coefficients  associated  with  the  analog  PCB,  and  T  is  the  instrument 
temperature,  determined  by  the  onboard  sensor.  Finally,  the  true 
resistance  of  the  thermistor,  RES,  can  be  calculated  as 


RES  =  MVTRUE/12.207E-06 


(6) 


where  RES  Is  the  thermistor  resistance  In  ohms,  12,207E-06  Is  the  constant 
current  passed  through  the  thermistor,  and  MVTRUE  =  MVADC  +  Fg» 

Next,  the  Stelnhart-Hart  equation  (eq  1)  Is  used  to  convert  the  ther¬ 
mistor's  resistance  to  a  temperature.  At  present,  the  progran  will  work 
only  with  thermistors  with  about  5  k£2  resistance  at  0°C,  as  the  exponents 
of  the  A,  B,  and  C  coefficients  are  declared  In  TMPCLC  as  constants. 

INSTRUMENT  ACCURACY 

The  following  sources  of  possible  error  have  been  Identified. 

Errors  external  to  the  Instrument 

Probe  lead  resistance 

The  probe  leads  will  add  resistance  In  series  with  the  thermistor. 

This  will  cause  a  decrease  In  the  apparent  temperature  of  the  sample.  The 
6-ft  18-AWG  (American  Wire  Gauge)  stranded  probe  wire  provided  with  the 
Instrument  has  a  resistance  of  roughly  30  mO.  This  results  In  an  apparent 
temperature  decrease  of  about  0.001  "C  at  an  ambient  temperature  of  20‘’C, 
which  Is  the  worst  case. 

Self-heating  of  the  thermistor  probe 

Self-heating  Is  the  Increase  In  temperature  of  the  thermistor  from  the 
dissipation  of  electrical  energy  within  the  thermistor  Itself.  Calcula¬ 
tions  based  on  dissipation  constants  for  bead  thermistors  (Omega  1984)  show 
that  for  the  worst  case  of  still  air,  the  temperature  error  Is  only  about 
+0.003®C.  For  a  thermistor  In  a  well-stirred  oil  bath,  the  error  Is  only 
+0.0004®C  In  the  worst  case. 


Calibration  accuracy  of  the  thermistors 

Measurement  error  during  the  thermistor  calibration  Is  another  factor 
but  Is  beyond  the  scope  of  this  report. 


Uncertainty  of  the  Stelnhart-Hart  equation 

It  has  been  shown  that  If  the  temperature  span  between  any  two  adja¬ 
cent  calibration  points  Is  less  than  50®C,  the  Stelnhart-Hart  equation  will 
reproduce  the  actual  temperature  within  0.01 ®C  (Yellow  Springs  Instruments, 
Inc.  1971). 
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Figure  6.  Analog  PCB  offset  tempera¬ 
ture  compensation  (center  curve  Is 
eq  5 ,  with  90%  confidence  band  shown. ) 


Internal  Instrument  errors 

The  remaining  sources  of  error  are  associated  with  the  Instrument 
Itself.  The  Individual  errors  have  been  characterized  and,  where  possible, 
are  corrected  by  the  software.  The  temperature  correction  equations  In 
TMPCLC  play  an  Important  part  In  the  Instrument.  Without  them  Its  accuracy 
would  be  far  less.  The  following  procedure  was  used  to  determine  the  tem¬ 
perature-dependent  variation  of  the  A/D  converter  board  and  the  analog  PCB. 

Each  was  put  Into  a  cold  chamber.  The  chamber's  temperature  was 
varied  while  the  input  to  each  board  was  held  constant.  The  board  output 
was  measured  and  a  regression  done  on  the  data  relating  the  board's  output 
to  Its  temperature. 

Temperature  effects  on  analog  PCB  gain  and  offset 

Through  the  tests  described  above  we  found  that  the  offset  (Fg)  of 
the  analog  PCB  was  temperature  dependent.  Equation  5  determines  the  tem¬ 
perature-dependent  offset  of  the  reslstance-to-voltage  circuit.  We  found 
that  offset  error  Is  much  more  significant  than  gain  and  nonlinearity 
errors.  The  latter  two  are  small  enough  to  be  Ignored  (see  Fig.  6  for  the 
calibration  curve). 

Long-term  stability  of  the  analog  PCB 

The  long-term  stability  of  the  circuit  Is  both  unknown  and  uncorrect- 
able.  The  user  should  keep  In  mind,  though,  that  most  electronic  Instru¬ 
ments  should  be  recalibrated  at  least  once  a  year. 

Accuracy  of  the  PASCAL  math  package 

National  Semiconductor's  PASCAL  math  package  uses  24-bit  floating 
point  numbers  internally.  This  maintains  about  7  digits  of  precision.  The 
resulting  error  Is  Insignificant. 


11 


Round~off  of  displayed  temperatures 

The  resolution  of  the  liquid  crystal  display  is  0.01 ®C.  This  means 
that  the  temperatures  must  be  rounded  to  the  nearest  0.01®C  before  being 
displayed.  This  contributes  up  to  ±  O.OOS^C  error.  This  error  can  be 
reduced  only  by  using  a  display  with  more  digits. 

A/D  nonlinearity 

The  analog-to-dlgital  converter's  nonlinearity  is  uncorrectable  and 
contributes  ±  1/2  bit  to  the  Instrument  error. 

A/D  quantizing  error 

Quantizing  error  is  present  whenever  there  is  converting  between 
analog  and  digital.  The  uncertainty  is  always  ±  1/2  of  the  least-signlfl- 
cant-bit  of  the  converter. 

A/D  input  offset  current 

The  analog-to-dlgital  converter's  offset  is  affected  by  the  output 
Impedence  of  the  previous  stage.  A  higher  output  impedance  results  in  more 
offset.  In  this  case  the  offset  is  negligible  because  the  op-amp  in  the 
previous  stage  has  a  very  low  output  impedence. 

A/D  nonideal  gain  and  offset 

Equation  2  compensates  for  the  temperature-dependent  gain  change  of 
the  A/D  converter.  The  nominal  full-scale  voltage  ranges  are  5.0,  2.5, 

1.0,  0.5,  0.25,  and  0.1  V;  there  is  a  set  of  coefficients  for  each  of  the 
six  voltage  ranges.  The  program  uses  a  table  to  select  the  proper  set  of 
coefficients.  Figure  7  shows  the  raw  data  and  regression  plot  for  each 
voltage  range. 

The  raw  output  of  the  A/D  conversion  is  corrected  for  offset  shift  by 
eq  3.  This  offset  error  is  temperature  dependent  and  can  be  aqjproximated 
by  a  linear  equation. 

A/D  long-term  stability 

The  long-term  stability  of  the  circuit  is  both  unknown  and  uncorrect¬ 
able.  The  circuit  board  has  not  been  in  use  long  enough  to  be  evaluated 
over  the  long  term.  The  user  should  keep  in  mind  though  that  most  elec¬ 
tronic  instruments  should  be  recalibrated  at  least  once  a  year. 

Instrument  error  analysis 

An  error  analysis  was  performed  for  two  assumed  field  conditions.  The 
first  was  to  keep  the  thermistor's  temperature  at  0®C  while  varying  the 
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Figure  7.  Calibration  curves  for  A/D  converter  (center  curve  Is  eq  2  with  90% 
confidence  band  shown.) 


Error 
source 


Table  1.  Thermistor  at  0®C  with  Instrument  temperature  varied. 

Temperature  (*C) 


Display  round-off 
A/0  nonlinearity 
A/D  quantizing 
A/D  non-ideal  gain 
Analog  PCS  offset 


Total  bits 
Equivalent  *C 


20 

15 

10 

5 

0 

-5 

-10 

-15 

-20 

-25 

-30 

-35 

± 

0.64 

0.64 

0.64 

0.64 

0.64 

0.64 

0.64 

0.64 

0.64 

0.64 

0.64 

0.64 

± 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

± 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

± 

1.60 

1.64 

1.67 

1.74 

1.76 

1.93 

2.04 

2.18 

2.31 

2.45 

2.61 

2.76 

t 

0.18 

0.14 

0.12 

0.10 

0.10 

0.10 

0.10 

0.11 

0.12 

0.14 

0.17 

0.19* 

3.42 

3.42 

3.43 

3.48 

3.50 

3.67 

3.78 

3.93 

4.07 

4.23 

4.42 

4.59 

± 

0.027 

0.027 

0.027 

0.027 

0.027 

0.029 

0.030 

0.031 

0.032 

0.033 

0.035 

0.036 

■Estimated 


Table  2.  Thermistor  and  Instrument  at  the  same  temperature* 


Error  Temperature  (*C) 


Source 

20 

15 

10 

5 

0 

-5 

-10 

-15 

-20 

-25 

-30 

-35 

Display  round-off 

0.26 

0.32 

0.40 

0.50 

0.64 

0.81 

0.42 

0.53 

0.69 

0.90 

0.59 

0.78 

A/D  nonlinearity 

+ 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

A/D  quantizing 

♦ 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

A/D  non-ideal  gain 

+ 

1.60 

1.64 

1.67 

1.74 

1.76 

1.93 

2.37 

2.53 

2.69 

2.85 

1.40 

1.48 

Analog  PCB  offset 

♦ 

0.18 

0.14 

0.12 

0.10 

0.10 

0.10 

0.10 

0.11 

0.12 

0.14 

0.17 

0.19* 

Total  bits 

± 

3.04 

3.10 

3.19 

3.34 

3.50 

3.84 

3.89 

4.17 

4.50 

4.89 

3.16 

3.45 

Equivalent  *C 

± 

0.059 

0.049 

0.040 

0.033 

0.027 

0.024 

0.047 

0.039 

0.033 

0.027 

0.027 

0.022 

*  Estimated 


Instrument's  temperature.  This  condition  corresponds  to  water  temperature 
measurements  made  In  the  field*  The  instrument  accuracy  was  calculated  at 
5®C  Intervals  over  the  -35®to  20*C  range  (Table  1)*  The  second  condition 
was  to  have  both  thermistor  and  the  Instrument  temperature  the  same*  The 
Instrument  accuracy  was  again  calculated  at  3°C  Intervals  over  the  same 
-35®  to  20®C  range  (Table  2)*  This  condition  corresponds  to  air 
temperature  measurements  made  In  the  field* 

The  main  source  of  error  was  the  uncertainty  associated  with  regres¬ 
sion  equations  describing  the  temperature-dependent  variations  of  the  A/D 
board's  full-scale  voltage*  The  uncertainty  of  these  regressions,  found 
using  the  90%  confidence  bands,  could  be  reduced  by  taking  more  cedlbratlon 
data  for  the  A/D  board  within  the  operating  temperature  range  of  the 
Instrument* 

The  error  calculations  In  Table  3  are  for  CRUEL  thermistor  serial  no* 
1805,  which  has  a  resistance  of  5931*5  0  and  a  change  of  255  f2/*C  at  0®C* 
Each  error  was  converted  to  an  equivalent  number  of  bits  at  the  A/D  board 
then  all  the  bits  were  summed  to  produce  the  total  system  error*  The  total 
system  error  In  bits  was  changed  to  an  equivalent  temperature*  The  total 
system  error  describes  the  error  band  about  the  actual  temperature* 

Table  3  contains  the  results  of  a  calibration  done  on  9  and  10  January 
1985*  The  Instrument  was  placed  In  a  cold  chamber  and  connected  to  a  known 
resistance*  The  temperature  of  the  chamber  was  set  and  the  Instrument 
allowed  to  equilibrate  at  that  temperature*  The  known  resistance  was  used 
to  simulate  thermistor  no*  1805*  The  Instrument  temperatures  were  held 
constant  at  four  temperatures  between  -18*3®  and  24*0®C*  For  each 


0.04 


Figure  8,  Error  analysis  (“C). 


instrument  temperature  the  simulated  thermistor  temperatures  ranged  from 
-1.0“  to  1.0“C. 

Figure  8  shows  the  comparison  between  the  calculated  and  measured 
errors  with  the  thermistor  held  at  0®C  while  the  Instrument  temperature 
varied.  As  can  be  seen,  the  measured  error  was  considerably  less  than  the 
theoretical  error. 

SUMMARY 

The  following  points  would  Improve  the  Instrument's  performance. 

1.  Use  a  self-timed  EAROM.  This  would  eliminate  some  modifications  to 
the  memory  board  and  the  processor  board.  The  time  delay  circuit  could 
also  be  eliminated. 

2.  Add  a  low  battery  voltage  indication  on  the  display.  Two  of  the 
available  A/D  channels  could  be  used  to  monitor  the  battery  pack  voltages 
directly.  A  flashing  indication  would  then  alert  the  user  to  a  low  battery 
condition. 


3.  Reduce  the  number  of  battery  packs  by  using  a  DC/DC  converter  to 
develop  the  needed  voltages. 

4.  Use  a  14  or  16-bit  A/D  for  greater  accuracy. 

5.  Add  an  indicator  that  shows  when  the  battery  pack  is  indeed  charg¬ 
ing. 

6.  Set  the  gain  of  the  Instrumentation  op-amp  to  10  rather  than  1. 
This  can  be  done  easily  by  grounding  the  proper  instrumentation  amplifier 
pin.  This  will  allow  the  use  of  four  ranges  rather  than  two  on  the  A/D, 
improving  the  accuracy  on  the  upper  end  of  the  temperature  range. 
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7.  Take  more  calibration  data  (especially  for  the  A/D  PCB)  within  the 
ambient  temperature  range  of  interest.  This  will  decrease  the  uncertainty 
associated  with  the  regression  equations. 
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APPENDIX  A:  PROGRAMS 


a.  METER 


Figure  Al*  Program  flow  charts* 
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>>>  KETER  <<< 


wrltttn  by  Gery  USA  CRR5L 

U#st  cDd^tt:  tz  Ji»niiiry  1?s5 


This  orogr^w  hfndl*s  ^11  qT  thi  input  pnd  output  of  th#  uP  systo* 
fnd  irtorf?c«s  tc  tn»  f  r  i  t  hiiir»  t  i  c  prqorpwt  Tht  hprdp^ro  rosuir#!»#nts 
♦ho  folicoin;: 

Cnstt  Co^cutor  PfP*8J^l65  fOficry  boprd 
Cnstt  CoTcuttr  CPU-8eCi*1  CPU  boprd 
Cupr'tic  Systoirs  CAOC-12  i2*bit  A/C  bevrd 
CRCSL  prctotyp#  •'•ybCArd  0C3 
C»PcL  prctetypo  LCD  PC6 

Sofro  of  th#  rbcy»  circuit  boores  hrv#  b##n  <rodifi#d.  P#t#r  to  th# 
proj#ct  rot#boek  for  se#eific  inf o'^«#tion« 

mvAiii 

193c-1fcf  it  APCEtRS  that  pascal  does  NCT  use  AKT  Sf 


1?0C-18FF 

:00; 

ceclare  sign 

CECLARE  FETCCCE 
DECLARE  LOCATICN 
DECLARE  CONSTAKT 
CECLARE  CVERTUNOR 


DECLARE 

CECLARE 

DECLARE 

DECLARE 

CECLARE 

CECLARE 

CECLARE 

DECLARE 

CECLARE 

CECLARE 

DECLARE 

CECLARE 


TE**PL0 

TEHPHI 

TEHPSGN 

IROFLAG 

CORA 

CORE 

C3RC 

PORTA 

PORTE 

FORTC 

AFLAC 

EFLAS 


IT  APCEARS  that  PASCAL  DOES  NCT  USE  ART  SPACE 
starting  at  1«03.  CNLT  5C-100  STTES  ACE  USED 
dT  TH=  STAC«  AT  ANT  ONE  TIRE.  •/ 


stte; 

byte; 

address; 

BASED  LOCATION  5YTS 

eyte; 


BYTE  AT 
BYTE  AT 
oTTE  AT 
BYTE  AT 
BYTE  AT 
BYTE  AT 
BYTE  AT 
BYTE  AT 

stye  at 

BYTE  AT 
BYTE  AT 
BYTE  AT 


(100CH); 

(1001H); 

<100JH); 

(1C05F); 

(10SRF); 

(1C85F); 

(ICBEh); 

(iCjC*-); 

(IOBIh); 

(108<R>; 

(TFFct-); 

<7FFER); 


/*  RETURN  SIGN  OF  REACINC  FROM  CHNLCNVRT  •/ 

/*  ACTUAL  «EY  INPUT  C->F  •/ 

/♦  DURNY  TEMPLATE  FOR  CONSTANTS  */ 

/•  OVER/UNDER  RANGE  INDICATICN  FROM  'SAMPLE*  •/ 
/•  1CCC  0003*OVER  RANEE  •/ 

/»  OCCO  Q0Q1<UN0ER  range  p/ 

/*  OCCO'CCOCpCR  (IN  BOUNCS)  */ 


/•  1«'IER0'  the  CFFSET  tc  *0.010/  0*NCRMAL  OPERATION  •/ 
/•  OCR/  PORT  A  (LCD  DATA  IN  LOWER  NIBBLE)  •/ 

/•  DDR/  PORT  e  (LCD  CP/  SIGN/  /CS/  DIGIT  SELECT)  */ 

/*  OCR/  PORT  C  (REYBCARC)  •/ 

/•  ACCRESS  OF  PORT  A  •/ 

/*  ACCRESS  OF  PORT  B  •/ 

/•  ACCRESS  OF  PORT  C  */ 

/•  EEROM  flag  SHCwING  that  A-CONSTANT  IS  INITIALIZED  */ 
/*  EEROM  FLAG  SHEWING  THAT  B-CONSTANT  IS  INITIALIZED  */ 


declare  CFLAG 
CECLARE  CISPLAY 
CECLARE  AORONG 
declare  InDEa 
declare  cummy 

CECLARE  C'FSETBASE 
CECLARE  abase 
CECLARE  BSASE 
CECLARE  CBASE 
CECLARE  SETUPA 
CECLARE  SETUPS 

declare  SETuPC 

CECLARE  ZRC 
CECLARE  STACRTCP 
CECLARE  FOREVER 
declare  ABO 
CECLARE  ABDMSA 

declare  ABCVAL 

DECLARE  AODATALO 
CECLARE  AOOATAHI 

declare  AuSTATUS 
CECLARE  AOPWR 
CECLARE  AOGAINCHNL 

declare  POWERON 
DECLARE  FOWEROFF 
CECLARE  RESETON 
CECLARE  RESETOFF 


BYTE  AT  (7F»*H); 
AOCRESS; 

address; 

address; 

address; 


L  terallt 
literally 
L  terallt 

L  TERALLT 

L  terallt 

L  TERALLT 
LITERALLT 
LITERALLT 
LITERALLT 
L  TERALLT 
L  TERALLT 
LITERALLT 
LITERALLT 
LITERALLT 
LITERALLT 

L  terallt 
L  terallt 
L  terallt 

LITERALLT 

L  terallt 


'ZCH*7 

' Jam  '  ; 

ZCH'; 

*  Jam  * ' 

'OGColoooiB'; 

•nprn  nnnr«  *  ? 


cclcstart:  procedure  Interrupt  c; 
GOTO  main; 

END  ccldstart; 

tmpclc:  procedure  external; 

END  TPPCLC; 

tSS'ifdxcS?'"""'  external; 
caa:prcceoure  (num)  stte; 

DECLARE  NUM  STTE  ; 

CECLARE  lSO  stte  /' 

CECLARE  PSD  BTTE  I 

il?:«CM!:f?o»?6o; 

RETURN  SML(MSC/A)  OR  LSO; 


'  initialized  ./ 

/•  RAW  RESULT  OF  A/0  CONVERSION  INCL.  FLAGS  •/ 

/•  G.R.  LOOP  CCUKTER  •/ 

/*  C.P.  VARIABLE  •/ 

Sill  8?  Ii!oSI?2N?^:5"  *' 

.ii-jN';  /•  BASE  OF  B-CONSTANT  •/ 

ViiBH';  /•  base  of  c-constant  •/ 

'333 direction  setup/  pcrt  a  (lco  oata>  •/ 

DIRECTION  SETLP/  port  B  (LCD  CONTRCl  I  SIGNS)  •/ 
39SCS,oooob';  /•  direction  setup/  pcrt  c  (xetboaro)  •/ 

'IFFFm';  /•  TCP  OF  STACX  PEMORT  •/ 

'WHILE  1'; 

;pcRTC';  /•  lccation  of  xetbcard  interface  •/ 

■-li’l*!'  f  data  mask  for  xetbcard  inputs  •/ 

.OCOOB';  /*  data  valid  bit  masx  for  xetboaro  interface  •/ 

7  /*  read  port  FDR  A/C  LCW  order  BTTE  •/ 

;  /•  READ  PORT  FOR  A/O  HIGH  ORCER  BTTE  */ 

;  /•  READ  PORT  FOR  A/0  STATUS  •/ 

;  /•  WRITE  PORT  FOR  A/C  POWER  I  RESET  CCNTROL  »/ 

;  /*  WRITE  PORT  FOR  A/C  CHANNEL  I  CAIN  CONTROL  •/ 

.0001E';  /•  TURN  CAOC'IZ  POWER  ON  •/ 

ngocs';  /•  TURN  CA0C*12  POWER  OFF  •/ 

ICCOJB';  /♦  activate  reset  on  CApC-TZ  •/ 
lOOfOB'/'  /•  CLEAR  RESET  Ox  QACC'lJ  •/ 

/•  RCUTINE  for  'RESET'  |  RSTO  •/ 

/•  GOTO  start  of  main  MOCULE  •/ 

/•  PASCAL  resistance  to  temperature  routine  •/ 

/•  INIT.  THE  PASCAL  INTERNAL  POINTExS  •/ 

/•  CONVERT  S-BIT  BINART  TO  2-CIGIT  BCO  •/ 


ZRCCONST:P«pCE||^.|^^JMg{OJE)j. 

CECLARE  INDEX  stte; 

CECLARE  LCCATION  ADDRESS; 

CECLARE  CONST  BASED  LCCATION  ETTS; 


ZEROS  ONE  DP  THE  PASCAL-CALCULATEQ  COXSTANTS  |N  RAM  •/ 
INPUT  ShOULO  pave  'A*/  'B'/  OR  ‘c'’  IN  THE  LOWER  NIBBLE 
G.P.  LOOP  Counter  */ 


C.P.  LOOP  COUNTER  •/ 

ACCRESS  TC  BE  ZEROED  •/ 

ONE-BTTE  template  FOR  clearing  MEMCRT  •/ 


23 


CiCLftR?  SCONST  LlT'RiLLY  MOCRH'; 


CrCLAae  CCONST  litcrally  'IOOEM*; 


IP 


(CMCCCC5  ANC  MASH)sOAI'  ThPK 
lccaticnsacokst; 

IF  (CMCCC3P  ANC  KASH)sOBF  TeEN 
lccaticn'SCOkst; 

IF  (CHCCCC5  AKC  K4SK)»0CF  THEN 

locationsCConst; 

CO  IKDEXsl  TO  4; 

CCNSTsZRC; 

LOCATICNsLOCATIOK^i; 

cnd; 

END  zqoccnst; 


/• 

/* 

MAS*  •/ 

a-byte  calculatec 

A-CONSTANT 

*/ 

/* 

BASE 

FOR 

a-byte  calculatec 

B-CONSTANT 

*/ 

/• 

BASE 

FOR 

A-BYTE  calculated 

c-constant 

*/ 

/• 

CLf  AR 

THE 

A-CCNSTAKT  *7 

/* 

CL6AR 

THE 

B-CCNSTANT  *7 

/* 

CLEAR 

THE 

C-CCNSTANT  *7 

/* 

CLEAR 

THE 

4-9YT6  real  number  */ 

/• 

CLEAR 

THE 

STTE  •/ 

/* 

PCINT 

TO 

Thg  NEXT  BTTE  •/ 

SETSCLR : 


CiCLlRE 
C  =  CL»I»E 


_  (PORT, "ITmSK, VALUE) ; 
PORT  ETTS; 
eiTMSK  stte; 

VALUE  ette; 


CECLARE  SETDATA  8TT£; 
CECLARE  CLROATA  EYTE; 
CECLARE  PORTA5ET  ETTE 
CECLARE  FORTACLR  ETTE 
CECLARE  fORTSSET  SVTE 
CECLARE  P0RT8CLR  ETTE 
CECLARE  PORTCSET  BYTE 
CECLARE  fORTCCLR  BYTE 


/*  PORT  BIT  SET/CLR  ROUTINE  •/ 

/•  1  FOR  PORT  A,  2  FCR  PORT  E,  t 
/•  AITS  TO  BE  SET  OR  CLEAREC  ARE 
BITS  CORRESPONDING  TO  THOSE 
S£  THE  DESIRES  DATA,  IE  1  OR  C 


/• 


^  FOR  PORT  C_“(- 


.  ALL  OTHERS  ARE  0  •/ 

SET'  IN  ’bits'  should 

ALL  others  are  irrelevant  •/ 


AT 

AT 

AT 

AT 

AT 

AT 


(ICBCh); 

(KESh); 

(ICPDH); 

(ICERM); 

(ICSEh); 

OCSAH); 


/*  PORT 
/•  PORT 
/•  PORT 
/«  PORT 
/•  PORT 
/•  PCRT 


BIT  SET  AOCRESS  •/ 
BIT  CLEAR  ACCRESS  •/ 
BIT  SET  ADDRESS  •/ 
BIT  CLEAR  ACDRESS  •/ 
BIT  SET  ADDRESS  */ 
BIT  CLEAR  ACDRESS  •/ 


‘"S!  VALUE);  /•  bits  to  be  set  are  i  •/ 

CLR5aTA=((3ITHSi(  VOR  value)  and  BITHSK);/*  BITS  TO  BE  CLEAREC  ARE  NON  1  •/ 


CO  CASE  (port-d; 

co; 


end; 

co; 


f:rtaset=setcata; 

PORIACLR=CLROATi; 


/*  PCRT  A  */ 


end; 

co; 


pcrtesetssetcata; 

port3Clr>clrcata; 


/•  PCRT  B  •/ 


end; 

END  setsclr; 


ENo; 


pcrtcset=setoata; 

fcrtcclR'Clroata; 


/•  PCRT  C  •/ 


LCOBYTE ;FRCCECURE  (OIGI T ,CNE C IG IT , DEC  I vrl ,HBAR, VPAR, VALUE ) ; 


CECLARE  DIGIT  byte; 
CECLARE  CNcOIGIT  EYTE; 
CECLARE  CcCIHAL  byte; 
CECLARE  ‘■BAR  byte; 


/•  OUTPUTS  ONE  DIGIT  CF  CATA  I  VARIOUS 
CP,  BARS  ETC  •/ 

/•  DIGIT  SELECT  (0-5)  •/ 

/*  ONEOIGIT  ANNUNCIATOR,  UNUSED  •/ 

/•  DECIMAL  POINT,  1>0N,  C<OPF  •/ 

/•  hdrucntal  bar  •/ 


^IjCAR'  VBAR.iYT'; 


ElARE  VALUE'BYtE; 
CECLARE  ruHMY  byte; 


/•  vertical  bar  •/ 

I*  ACTUAL  DIGIT'S  VALLE  •/ 
TEMPORARY  variable  */ 


CECLARE  CNEMSA  literally 
CECLARE  CRMS*  literally  ' 

CECLARE  hemSf  literally 

CECLARE  vBMSF  literally  'COOOlCDCiB'; 
CECLARE  VALMSK  literally  ’oocC. 1 1 1 1 b * ; 


'c^gfl^eSSis®;' 

■ceocioociB'; 


/•  half-digit  '1'  MASK  •/ 
/>  DECIMAL  POINT  MASK  •/ 

/*  horiccntal  bar  mask  >/ 
/*  vertical  BAB  MASK  •/ 
NUMERIC  data  mask  •/ 


VALUEpVALUE  AKC  VtLMS 
CICITp(CIGIT  for  OOOC 
fortaivrlue; 


.00118); 


/•  SAVE  CNLY  the  loner  nibble  •/ 
/»  Change  TO  ?2ii*s  numbering  sy' 


Cummy=5hl<oigit,i); 
call  seticlr(J,ccco  dice, 
CALL  SET1CLR<{,0gC0*CC01e, 
call  SFTICLS<i,OCOO  CCCIE, 


.  --  -  - -  -  SYSTEM  •/ 

/•  SEND  THE  HEKACECIMAL  LUMBER  TC  PORTA  •/ 


SodococB); 
. . -ice  0CC1B); 

CUMMY«Ehl  ( (ONEDIGiT'AKO  CNEMSkT,?),' 
CALL  SET!CLR(<,1CCO.CCCO“,OUMMY); 
CUMMY*Shi ( (DECIMAL  JnC  OFMSK),e); 

CALL  SETKLe(E,C1C0  CCCOe,CUMMY); 


/•  SET  UP  the  digit  select  bits  •/ 
then  SEND  AN  ACTIVE-LCN  PULSE  */ 
f  TC  OSV  ON  THE  7211  •/ 


t»  UPDATE  '1'  DIGIT  *7 
/•  L’PCATE  decimal  point  •/ 


8iirrsm^^5?j:Dj?8.??s3?j63itY,; 

unmy* 


UPCITC  HORIZONTAL  9AR  •/ 


,  A ) ; 

DUMMY); 


/•  UFCATE  VERTICAL  BAR  •/ 


ENO  lcdbyte; 

MSTCELAY;  FROCEOLRE  (MS); 

CECLARE  COUNT  address; 
CECLARE  CDUNTI  ADDRESS; 


/•  IC-MS  DELAY  RCUTINE  •/ 


CECLARE  MS  byte; 

CECLARE  MiiCLY  LITERALLY  'OOECh'; 


/*  LCCP  CONSTANT  •f 


CO  ccuNTO  TO  Ms; 

CO  cclnt2«o  TC  mebcly; 


ENo; 

ENO  mssoelat; 


end; 


/*  IC-MS  BLOCK  •/ 


DELAY : 


FROC! J^R|^(5ECCNCS); 


CECLARE  EECONCS  BYTE; 
CiCLAPE  CCUNT  AOCPESS; 
CIClabE  CCUNT2  ACDRESS; 


/*  1  SECOND  delay  rcutine  •/ 


CECLARE  CLY  LI'ERALLY  '2EE9H'; 


/•  LCCP  constant  •/ 


cly; 


/•  1  SECOND  BLOCK  *7 


‘.no; 


ewD; 

:NC  CELAV; 

ChNLCNVBT  ;FflCCECU»E  <CWANfUL/&AIN#>'CCe); 
C5CLAPE  gain  cYTE; 

C'CLARE  CHANNEL  ?YTc; 

CSCLAR?  RODE  =YT?; 

C'CLARE  cuhnv  address; 


/*  OCES  CONVERSICN  FOR 
/*  0->5  */ 


A  SINGLE  Channel  i  gain  •/ 


/•  0->15  SINGLE-ENDEC#  0->7  CIFFERENTIAL 
/*  0«CI®F£«eNTIAL,  IsSlNGLE-eNOEC  */ 


DECLARE  ACTIVE  LITERALLY  ’CCCQ  CCOIS!;  /*  A/D  STATUS#  1»C0NVERT1NG  CsIMCTIVE  */ 

CECLARt  EIGNRSK  LITERALLY  MCCC  OCOC?  I  /•  IsPCSlTlVE#  0«NFGATlvl  */ 

DECLARE  C4TAMSA2  LITERALLY  '  CCOOl  1 1 1 .1 1 1 1 1 1 1 03  '  ;  /  •  DATA  RASA  HiTh  THE  LOWER  SITS  AS  ”CON*T  CARE*' 


/•  CIFFERENTIAL  */ 


1=  Cl  cco»; 

ELSE 

»»0DS  =  0C0.10.CCC  =  ;  /•  SINGLE-ENCEO  */ 

CNVflT2:CUTPLTCACGA:KChNC)»^HL(GAIN#!C)  Cfi  MODE  CR  CHANNEL;  /•  SETUP  GAIN#  MCOE  1  CHANNEL  THEN  DC  A 

CONVERSION  */ 

CO  rRILE  (INPITCAOSTATUS)  AND  ACTlVEIsZRC; 

;  /•  WAIT  FCR  A/C  STATUS  SIT  TC  GO  HIGH...  */ 

end; 

DO  WHILE  (INPUTCACSTATUS)  ANC  ACTIVE)*01h; 

;  /«  •  .  .THEN  LC».  •/ 

end; 

CUHHY-INPUT(ACCATAHI):  /*  get  the  upper  bits  I  FLAGS  •/ 

SIGNsRCLCCDUMHY  AND  SIGNRSK),!);  •  /•  EXTRACT  THE  SIGN  BIT  •/ 

CUHHY=<HL(DUHRY#eC);  /*  SHIFT  TO  UPPER  BYTE  */ 

CUHHY-CURHY  CR  1 K PUT ( A OC A T AlC ) ;  /•  THEN  GET  THE  LOWER  BYTE  •/ 

IF  (ACROKG  AND  3ATAMSK2)  <>  (CUMMV  AND  0ATAH<r2>  THEN 

co; 

aorongsolhht;  /*  save  the  last  rfacing  •/ 

GCTC  CNVRT?;  /*  REPEAT  UNTIL  THE  READINGS  CLOSELY  AGREE  •/ 

end; 

AORCNGsDLMMy;  /•  return  the  stabilized  value  */ 

END  Chnlcnvrt; 


KeYlN: procedure; 

CECLARE  TMPKEy  9TT£; 

DECLARE  X60ST9L(1<0)  BYTE  DATA 

<O0H#0H#0  2H/C3H#C4H#C*rt#C6M#C^H#O8H# 
CRH,CAM,CiH#CCH#COH^CtHrfCFH); 


/•  DEBOUNCEO  SINGLE  KEY  INPUT  ROUTINE  */ 
/•  TfRPORARY  RAW  KEYCCDE  STORAGE  */ 


CECLARE  RASK  LITERALLY  '  C COO. 1 1 1 1 B ' ; 
CO  while  (K3C  and  K3:vAL)*KaOVAL; 


ENc; 

CALL  HSlCeLAY  (1C); 

K£Y1M:C0  WHIL:  (KSO  INC  K3CVAL)»ZPC; 

ENC; 

THPKS  Y8K?0; 

CALL  HSSCSLAY  <1C); 


/•  CONVERSION  TABLE  FRQH  RAW  TC  REAL  KEYCOOE  */ 
/•  MASK  CUT  UNUSED  BITS  •/ 

/•  WAIT  FOR  LAST  REV  TC  BE  RELEASED  */ 

7?^2?lav  FOR  */ 


/•  WAIT  FCR  NEKT  RrY  INPLT  •/ 


/•  GRAB  The  raw  REYCCOE  FROH  HEHCRT-RAPPEO  keyboard  port  0/ 
/•  0*LAY  for  10-PS  */ 


!F  TRFRETOKEC  T*-cN 

gctc  K'Yisi; 

KcYCC0E*k5C5T3L<TMPrEY  ano  hasr>; 
END  kevzn; 

L  :o: 


/*  If  KEY  90UNCEC  THEN  READ  AGAIN 
/•  LOCKUP  The  actual  KEYCODE  */ 

/ft  ANC  RETURN  TO  CALLER.  */ 


PRCCECURE  <ONcOIG!T#C£C1RBL#h;aR#V9AR# VALUE); 
csCLARs  CNSOiciT  eyte; 


CECLASE 

CECLARE 

CcCLARE 

CECLARE 


CSCIMiL  3TTE; 

►JAR  eyte; 

V3AR  cyts; 
value  address; 

iNCci  3YTE; 


-  ..  ---  /•  CCCEO  AS  A  BCC  DIGITS^  AAAA. BBSS. CCCC. DODO  */ 

CcCLARE  iNCci  3YTE;  /•  G.P.  LOOP  COUNTER  •/ 

DC  INOEXsO  TO  3;  /ft  OLTPUT  DATA  TC  EACH  LCD  DIGIT  ft/ 

CALL  LC36YTE  ( I NC E X,ON EO IG IT#DEC IPAL#HB AR # V9 AR # V ALUE ) ; 

VALUE>ShR(VALUE#A); 


ENC; 

END  LCO; 

«TiB7C«:fgCJJgtJ|,jNT!;Jai;PT  1; 

C4LL  ICO  <Z'<C/:ac,ZRC.lSC»5:EeEH); 
C4tL  CELlf  (1C>; 

c«LL  lco  <:ac,ZRC»zao.i»c»ooccM); 

C4LL  CEL4r  (1C); 

ENo; 

END  STERSOa; 


/•  TCIS  SHOULD  SURT  *T  COOSH  »/ 


ELNCTICN:Pa0C' 


_ olre;  -  ,  _  _  .  _  _  . 

cfcciaf  coNSTianRAT  AsaiTdiC)  byie;.  /*  *»«•»  pc»  ekyering  the  constants  •; 


/•  INVOAEC  »T  'f  «ET  FRCN  RETBOARO  •/ 


CECLARc  IMB=»  STTE; 
CiCLAR:  INDEAZ  BYTE; 
CrCLARf  CMCCOCE  EYTE; 
CECLARE  EASE?  byte; 
CECLARE  ease  ACCRE'S; 


/•  LOCP  COUNTER  •/ 

/•  LOC»  COUNTER  •/ 

/•  hill  BECORE  da,  DB,  OC,  EA,  EB,  EC,  OR  EE  */ 

;•  POINTER  FCR  THE  'CONSTANT*  ARRAY  •/ 

/•  POINTS  TO  EASE  OF  THE  CONSTANT  TO  BE  CHANCECZC I SPLAYEC  */ 


CO  fcrever; 

«ETCOC£»ZPO; 

CHOCOOE*ZRO; 

cisrlay»offffm; 

CALL  LCO  (IRC, IRC, IRC, ZRO, display); 
CALL  ketin; 

CMOCOCE* SHL (KEYCCDE, A) ; 

cisflat»ketccce; 

CALL  LCO  (IRO,ZRC,ZRC,ZRC,OtSFLAT>; 

CALL  ketin; 

CHOCOCE*CROCOC£  CR  KETCODS; 

cisflat»cfoccce; 

CALL  LCO  (ZRC, IRC, IRC, IRC, DISPLAY); 
CALL  HSSCELAT  (SCO); 


/•  OC  UNTIL  BROKEN  OUT  THROUGH  'EE'  CCHHANO  »t 

/•  PUT  'FFFB'  ON  OtSFLAT...  •/ 

/•  TO  SIGNIFY  ^FUNCTION*  NODE.  •/ 

/•  GET  THE  FIRST  KEY  •/ 

/*  AND  NCVE  IT  TC  THE  UPPER  NIBBLE  •/ 

/•  KEY  T  TO  LCO  •/ 

/•  GET  THE  SECONC  K£T  •/ 

/*  CCRBINE  UPPER  ANO  LONER  NIBBLES  */ 

/•  KEY  2  TO  LCO  •; 

/•  5CC-NS  DELAY  »/ 


CO  CASE  CHCCCCE; 

’IE: 

21): 

ZED: 


/*  NCk  EtECUTE  THE  COHHAKO  •/ 


/• 

/• 

/• 


DA  *; 
OB  »/ 

OC  •/ 
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l 


co; 


zNo; 


m 

ZS*: 


cc; 


/•  POINT  TO  THE 
/•  POINT  TO  the 


CONSTiNT  •/ 
CONSTANT  */ 


IP  K^»co5|.g;H,TH|j 

IP  KEYCC3E»0SH  THEN 
s«SE>ep*SE; 

IP  KEYCOCEsOCH  THEN 
r-  C  CONSTANT  »/ 

cc  IKCEJ»0  TC  2;  /«  GNCliP  COUNTER  •/ 

DC  INCEX2»0  TC  J;  /»  OICIT  COUNTER  •/ 

lccation>sase*(a*inoea)h(:-inoex2>:  /•  calc,  the  opfset  •/ 

CALL  LCOBYTE  ( INC EX2« IROhZ RO/ IRO« Z R0» CONS T ANT > ;  /»  DISPLAY 

k  GROUP  CP  4 

end; 

....  CALL  RctlKJ  /*  AhC  WAIT  FCR  ISFR  TO  PROMPT  FCR  THE  NEXT  GROUP  OP  4 

t  NO# 

/•  SA  •/ 

/*  !s  •/ 

/•  :C  */ 

IP  KEYCOOE»OAH  THEN 


cc; 

APLAGaOPPH; 

/• 

CLEAR 

THE 

BYTE  •/ 

4PLAG«oaah; 

/* 

THEN 

INIT 

.  IT 

6N0; 

eASE*AeASE; 

/* 

enter 

THE 

A  ccnstant 

IP  KEYCOCE=OEH  THEN 

oo; 


ENO; 

IP  KEYCOCE’OCH  Then 

co; 


eplaG'Qpph; 

EplagiOSEh; 

base^esase; 


/•  enter  THE  B  CONSTANT  */ 


Cplag»0ppm; 

Cplag»OCCh; 
base^cease: 

end; 

CO  iNOST«o  TO  3; 

CONST! ARRAY (INDEX) SHE YCOCE; 

end; 

CO  INCEXSA  TO  is; 

ccnstiarcay(ikoex)<zrc; 

end; 

CO  INCEX»0  TO  3; 

oisplay<shl(cisplat«a>  or  constearratcincex); 

ENO; 

EAS£2«C;  .  /*  INIT.  THE  ARRAY  PCINTER  •/ 

CO  nhilE  3ASE2  <  lie;  /*  digit  COUNTER  •/ 

xeyc3ce=cph; 

call  LCD  (ZRC/ZRC/ZRC«ZRC#0I!PLAY>; 

00  while  (xeycooexr)  and  (aeycooeoobh) ; 

CALL  xeyin; 


/»  ENTER  THE  C  CONSTANT  */ 

/•  FILL  FIRST  4  PLACES  WITH  OR  0 

/•  THEN  THE  REST  WITH  lEROS.  •/ 


/•  WAIT  FOR  0-9  OR 
XET  INPUT  */ 


end; 


esc 

i? 


PEYC0CE<1CC 

co; 


THEN 


f  DIGITS  0-9  */ 


IP 


end; 

xETC0CE*0!H 

co; 


ENo: 


CONST$ARRAr(BASE2H4)«XETCOOE;  /»  S*Vf  THE  DIGIT  •/ 
eASE2>SASE2*i;  /•  INC.  the  array  pointer  */ 
CISPL*T«SHL<CISPLAY/4D); 

CISPIAY»CISPLAY  CR  XETCOCE;  /•  PUT  THE  DIGIT  ON 

DISPLAY  •/ 


The 


AND  (BASE2>0>  then 


/»  SACXUP  A  CIGIT-AT-A-TIHE  •/ 


SASE2»eASE2-i;  /• 
CO  IND»X*0  TO  3; 


ENo; 


DEC.  The  array  POINTER  •/ 

/•  BACKUP  ONE  DIGIT  t 
RESTRUCTURE  'CISPLAY' 
CISPLAY*Shl(CISPLAY.4)  OR 

CONSTBARRAYCBASEcHINCEX); 


end; 

CALL  LCD  (ZRO.ZRC.ZRC. IRC. DISPLAY); 
CALL  CELAY  (U); 

CC  INCEX»C  TO  11; 

LOCATION  sBASEHINOEX; 

constant»cpph; 

CONST ANT<C0NSTtARPAT(IN0EX*4); 


end; 

call 


/*  SHON  THE  LAST  CICIT  *2 
/•  1-SECCNC  CELAY  •/ 

!•  NRITE  THE  ARRAY  INTO  EERQH  •/ 

/•  CALC,  the  cestination  address  •/ 

/•  CLEAR  THE  EERCP  BYTE...  •/ 

/•  THEN  NRITE  the  actual  DIGIT  >/ 


ZROCONST  (CPCCOCE); 


/• 


CLEAR  THE  REAL 
RCUTINE  •/ 


•TYPE  TC  ALERT  PASCAL 


238: 

/• 

£5  •/ 

return; 

/ 

240: 

/• 

PO  •/ 

O 

o 

zroflag’I; 

/ 

CC  LCCATIONsQPPSE 

/•  CC  BACK  TC  TEPPERATURE  MEASURE  MODE  •/ 


Oe  AN  OFFSET  ZERO  (*0.010  NEXT  TINE  TPPCLC  IS  CALLED  •/ 
BASE  TC  offsetease*3; 

......  constant*cffh;  /•  erase  the  eerch  so  a  new  offset  can  be  written  •/ 

INC. 

return; 

ENo; 

cyherwise  oo;  /•  This  code  is  for  all 

CALL  LCD  (ZRO/ZRC/ZRC.ZRC.OEEEEH); 

call  delay  (ID); 

CALL  LCD  (ZRO/ZRC.ZRC.ZRC.OOOCH); 


:NC; 


ENc; 


INVALID  COMHANOS  •/ 

/*  SHOW  'eeee'  as  an  error 

WAIT  FOR  1  SECOND  •/ 
THEN  ZERO  THE  DISPLAY 


I* 

/• 


CCNOITICN  */ 


end; 

ENO  flnction; 
sample :p»jc|j^r^; 


CEClBRC  Cain 
CECLARE  PONG 

ceclare  ccodsppl  byte; 


ADDRESS  il- 
adores!  at  (1CC3H); 


RSICN  OF  ThJRN 


/•  Tb-bit 


PCS  TEMP.  SENSOR  •/ 

IN  RBNGE  •/ 

SPBCE  FOR  A/O  VALUE  */ 
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CECltOe  tHBTMP  <003ESS  PT  (1C12H); 


/*  SCUD  PCI  TIMP.  TO  TPPCLC  RCtTINE  */ 


cfE*-*!!  i'S??'.  L}Ti«»LL»  •icjoggjOjg^gogcooi';  /*  »/d.51c*i  ijt/  i»pcs.  g*Nfo  •/_ 


CeCLPRE  c*«hwfl»g  litespclt 


/•  OVER  The  ctnapic  range  oe  the  op*amp  i  a/o  ststeh  ./ 


gain*»; 

GOODSTC'ERO; 

CVERlUKOtsERO; 

CC  kt-lL:  GOOCSMPLkZRO; 


/*  READ  The  pci  temp,  sensor  •/ 
/•  NASA  CUT  TPE  flag  IITS  */ 

/•  start  with  paxinup  gain  •/ 


/*  LCOP  'TILL  A  GOOD  READING  CR  THE  LCNEST  RANGE  IS 
REACHED  •/ 


IF  ^A!C  ikO  AEOVALI^AEOVAL  THEN 

AETCocEkAEo  anc  aiomsa; 

IF  A?TC0DE*0FP  then 

CALL  Function; 


;•  GRAB  The  aey  being  pushed  */ 


/»  GC  INTO  THE  FUNCTION  POOE  •/ 


CALL  CHNLCNVRT  (1/GAIN>0>; 
PONG>ADRCNG  and  CATAPSa; 

IF  (ACRONG  anc  OVRFLk)<ZPC  THEN 
cooosppl«C1h; 

ELSE 


/*  READ  The  THERPISTCR  */ 
/•  SAVE  the  cata  bits  */ 


/*  GCCO  CONVERSICN^  no  overflow  •/ 


IF  GAINkZRO  then 
do; 


OVERIUNDRkOVPFLWFLAC; 


gooosppl>Offh; 


/*  FLAG  AS  AN  OVER  RANGE  READING  DN 
LOWEST  GAIN  RANG 

/•  SET  flag  so  we  can  breaa  out  df  loop 


GAIN>GAIN-1; 


/*  TRY  THE  NEXT  LOWER  GAIN  SETTING  •/ 


ENo; 
END  sample; 


/•  MAIN  CODE  SECTION  0/ 

siacaptr»stacatcp;  /•  set  up  the  staca  pcinter  »/ 

CALL  EEGXGC;  /•  SET  UP  THE  PASCAL  INTERNALS  •/ 

corassetlpa;  /•  set  up  the  nscbio  i/o  ports  •/ 

CORB>SETL'Pp; 

corC'SEtlpc; 

RCRTA>2RC;  /•  CLEAR  ANY  GLITCHES  STORED  IN  LATCH  •/ 

FORT!*iiii  oocie;  /•  set  up  digit  select  i  special  control  bits  cn 

cuhmy«poctC;  /•  clear  the  aeyboarc  latch  */ 

CALL  LCD  (1/1/1. 1,8«eEHi;  /•  TURN  Ail  CISPLAY  SEGMENTS  CN...  •/ 

CALL  delay  (1C>;  /•  ANC  WAlf  1  SECOND.  •/ 

cuTPuT<ACPwa)«PowcRON;  /•  power  up  the  caoc-iz  •/ 

CALL  MSSCELAYCSOi;  /*  WAIT  FOR  SCwS...  •/ 

OUTPUT (ACPWR) WOCWERON  CR  RESETCF';  /•  ...THEN  CLEAR  THE  RESET  BIT  */ 

CUPMT«INRUT<A0STATU5);  /•  CLEAR  T**:  CAOC-TE  INTERRUPT  BIT  •/ 

iaCFLAG*IRC;  /•  CLEAR  THE  AOTC  lERC  FLAG  •/ 


/•  CLEAR  ANY  GLITCHES  STORED  IN  LATCH  •/ 

/•  SET  UP  DIGIT  SELECT  1  SPECIAL  CONTROL  BITS  CN  LCD  •/ 
/•  CLEAR  THE  XEYBOARC  LATCH  */ 


/*  TURN  all  CISPLAY  SEGMENTS  CN...  •/ 
/•  ANC  WAIT  1  SECOND.  •/ 

»  UP  The  CAOC-1?  •/ 


call  iroconst  (Cahi; 

CALL  IROCONST  (OBH); 
CALL  ICCCDNST  (L'CH); 


/•  CLEAR  THE  A  calculated  CONSTANT  •/ 
f  clear  THE  I  calculated  CONSTANT  •/ 
/•  clear  the  c  calculated  constant  •/ 


;o  WHILE  (aflacoCaah)  or  (belagoobbh)  or  (cflagoocch); 

call  function;  /•  force  entry  of  new  constants  in  new  eerom  •/ 
c:  LOCATICN»C»FSETBASf  TO  offsetbase* j; 

ccnstant«iro;  /•  ierd  the  offset  i'  a  new  eerop  •/ 

ENo; 

ENc; 


CO  fcr'ver; 

call  sample; 


call  sample;  /•  get  a  reading  •/ 

I*  (iIc/IRO/IRO/Irc/Oeeeeh);  /•  display  an  error  indication  «/ 

ELSE 


CALL  TMPCLC;  CONVERT  RESISTANCE  TO  TEMPERATURE  •/ 

CISPLAY«CAA(TEMPmI);  /•  COMBINE  THE  UPPER...  •/ 

CISPLATpShL(DISpLAY/EC>  CR  OAACTEMPLO);  /•  ANC  LOWER  2  OIGITS  */ 

CALL  LCD  (IR0/1/1/N0T  TEPPSGN/ 0 1 S PL  AT J ;  /•  ANC  OUTPUT  W/  OP  I  SGN  TO  OIS*LAY  •/ 


end; 

END  pain; 

•NO  meter; 


>>>  TNOCIC  <¥  1.0  <<< 


1 


Uritttn  b 
Last  upoa 


Thii  orogrf*  irtarfrcas  to  th«  wtir  cods  nairod  MSTeV  • 

It  is  collfd  as  rn  untyood  orocotur*  ir  NETEft,  This  routlno 
usos  the  It-fcit  ru«oor  t**c*  t^e  J/9/  th#  thereitter  ec^stants 
that  are  storeo  in  cAflCH#  ano  the  cair*  setting  of  the  ins  trueenta  tier 
op*aec  as  incuts.  It  then  uses  the  Steirhart/  Hart  eauetion  to 
calculate  tre  tercerature.  the  teaperature  is  returned  to  the 
▼ain  code  in  TEHacO  ard  TcM^hI«  TEMPLO  is  an  8-bit  representation 
of  the  tso  dibits  to  th«  riQht  of  the  deciaal  point.  This  eill 
range  free  0  te  <9.  TrMPHi  is  a  value  free  0  to  99  corresponding 
to  the  too  digits  ta  the  left  of  the  oecieal  point.  the  sign 
of  the  tsnperature  is  returned  ir  TEHPSIGN. 


.  This  scdule  oust  be  coapiled  by  the  StarpltR  Pascal  coapiler. 
It  then  east  be  linked  to  the  skeleton  Pascal  library  and  the 
relocitable  code  froa  *HeT£R  •  Pefer  to  the  coacilatien  and 
linkage  instructions  for  specifics. 


PROGRAM  CUMMT; 


p38^IEu5f  ItylSS  (l8*! tPuiLic:;  a 


PUNC1I0N  OTtL:w  (LPP:  MCao;  CST: 

ScClN  GTTUCC  :>  0  (Nc: 

PROCEouRf  pltlcq  [pueiic:;  becin  end; 

PROCECURc  ENClfiG  CRU'LIC^:  BEGIN  cNO; 

rrocegl'RE  iNiLOd  cpueiic];  begin  end; 


public:;  begin  enc; 

NORC  [PUBLIC!; 


PROCECURE  TNRCLC  CPUELIC!; 
CONST 

RHULT  •  I.OE-Ol; 

3NULT  •  i.oe-or; 

CNULT  •  1.CE-07; 


(•  multipliers  POR  the  Ti-ERHISTOR  •> 
(•  ccnstrnt  mrntissas.  •> 


<*  fOR  tm«  analog  pcb  temperatlre  •) 

scoefJ  •-3.9a5|i lE-at;  <•  ccrrection.  t‘*'Ie  are  for  seriala  cot  •) 
CCOEFi  *  5. J71C*Se-04; 


ocoEFE  •-Q.AC6E7CE-1 ;; 


iim'r 

AJCONST 
A, CONST 
ASCON'T 
AtCONST 


[§51811;  nims] 

[ORIGIN  16A7«C?! 
[os:ciN  iBi7?:j} 
[ORIGIN  1s«7*C43 
[ORIGIN  1<*7?0SJ 


(‘:  5:8835153?;  8?8I?  \  .*{ 

(.  A-CON$TANT,  digit  J  •) 

(•  a'Constant,  digit  a  •> 

(»  a-constant»  digit  5  •> 

{.  A-CONSTANT,  digit  t  •> 


A7C0NST 

AjCCNST 

ARftNST 

AICCCNST 

A11CCNSI 

eicoNST 

blconst 

BjCONST 

■4C0NST 

e idoNST 

a»ccNST 

B7C0NST 

ascoNST 

escoNST 

B1CCCNST 

aiiccNST 

818855? 

CiCONST 

CaCONST 

C5CON5T 

CttCONST 

C7C0NST 

8?8855? 

C10CCNST 

C1TCCNST 


8851815  ?5;?Jr?? 
885  1815  ?I5?5!;I: 

CCRIGIN  16F7R01: 


iaR7*gcj 

TB«793c1 

T»r7SCe3 

16a7EC«3 

?l5lj?8 

T6A7#1E3 

16"7F1«3 

IBRIRIA] 

I4*7*iaj 

14R781C] 

14t7ETCj 

1»R7;1EJ 

URTilF] 

1«»7?7Cl 

16A7J71J 

16«7j22] 


OFFSET  [OAIGIN  16A7EEA! 


I  ORIGIN 
ORIGIN 
ORIGIN 
ORIGIN 
ORIGIN 
ORIGIN 
ORIGIN 
ORIGIN 

851815 


8851815 

[ORIGIN 

[ORIGIN 

(ORIGIN 

(origin 

[ORIGIN 

[origin 

[origin 

[origin 

(origin 


iORtCIN  16* 
ORIGIN  16* 

(origin  1a> 


tenrlc  [origin  laRiggo! 

temppi  [origin  lARiggTJ 

TENPSGN  (CRIGIN  1a>1CC<] 

NUMBER  [ORIGIN  16R1C:3] 

ANPGAIN  (origin  ISRIOIA! 

auILC»TEPR»A.T,RSS/VFS 
C 1 /M« TRUE >MVACC/ range 
OFPSETm,CFFSET! 
AC0EF1,BC0EFl»CCCEF1,CCgE«1 
IROFIAG  ORIGIN  1AR1CC3} 

RCONST  ORIGIN  1»R1:3e] 

BCgNST  ORIGIN  latliCRj 

CCOnST  origin  IBRIOJE] 

AMaTPP  (origin  16R1C12] 


integer; 

integer; 

real; 

real; 

real; 

real; 

sint; 

real; 

real; 

real; 

integer; 


5:88SI?53?;  8181?  I  :i 

A'CONfTRNT.  digit  9  •> 

a-conJtant*  digit  10  •) 
a*con$trni»  digit  11  •) 

|:8831?5S?;  8181?  \  U 

B'CONSTRNT,  digit  j  •) 
e-CON‘TiNT#  0  git  a  •) 

b-con|tant,  0  git  s  •> 

a-COMSTRNT,  0  GIT  4  •) 

a*CON$TANT,  DIGIT  7  •> 

B-CONSTRNT,  D  GIT  a  •> 

b-constrnt,  d  git  9  •> 

e-C0N!T4NT»  0  GIT  IT  •> 

e-COMSTANT,  DIGIT  11  •) 


8:88SI?SS?;  8181?  J  :? 

C-CONSTANT,  digit  j  •> 
c-con$tant,  digit  a  •> 
c-con$tant,  digit  5  •> 

C-COHSTAHT,  digit  t  •> 

C-CDNSTANT,  digit  7  •> 

c-comstant,  digit  e  •> 
c-constant,  digit  9  •> 

c-constant,  digit  ig  •> 
c-constant,  digit  11  •> 

lERO  CFFSET  FCR  TPE  SYSTEM  •> 

loner  tno  cicits  of  resulting  TEMRERRTuRE  •) 

UPPER  Two  cicits  OF  RfSULTINC  TEMPERATURE  *) 

SIGN  C»  TEPRERATURE,  1«NEC  C»ROS  •) 

14-PIT  RESISTRNCE  PRS'EO  PRO.  THE  PIN  NAIN-MOCULE  •> 
GRIN  setting  CF  PROCRAMNABLE  CP-APP  •) 

lOCRL  VARIR9LES  •) 


COEFFICIENTS 
C>LSE  STORED 


FOR  R/0  SPAN  DRIFT  DUE  TO  TEMP.  •> 
CPFSET,  1‘CRIC.  C  STCRE  NEH  OFFSET  •) 


C>LSE  STORED  CPFSET,  1‘CRIC. 

RESULTANT  A  CONSTANT  •> 
resultant  I  CONSTANT  •> 
resultant  c  CCnstant 
READING  FRCN  THE  CN-BCARD  TEMPERATURE  SENSOR  •) 


ACCNST'C.C  Thin 
BEGIN 

•UILO 

E'JILD 


0,0; 

AlCONST  *  (A.'CONST  /  10.0  *  (A3C0NST  7  100.0)  *  (AACONST  /  1C0C 

icocc.o; 


.0)  *  (ASCONST 


ENO; 


9UICC 


eulLO  : 
ICONST: 


3UILC  *  OICCONST  /  lOOCCCOCCC.C)  *  (A11C 
»  Euuc  •  akult;  (•  eihal  r 


ICCOCCC.O)  *  (AECCAST  /  ICCOOCOO.O  * 


.  ICONST  /  lOOCCOOCCOO.O; 
FINAL  RESULT  •> 


1=  dCCNST»5.C  then 
EfSIK 


ENO; 


PUILC 

EUILD 


EUILO 


euILC  : 
'CONST: 


(B5CONST  / 


c.o; 

S1CCNST  ♦  (!2CONST  /  10.0)  »  (SICONST  /  100.0)  ♦  (S4C0NST  /  1CCC.0) 

icooc.o); 

5UILC  ♦  (EACCNST  /  1C00C0.C)  ♦  tSTCCNST  /  ICCCCCO.O)  ♦  (86CCNST  /  ICCOOCOO.O)  ♦ 
(69CCN$T  /  icoooocoo.o; 

■UILC  «  (B1CC0NST  /  lOOCCOOCCO.C)  *  (B11C0NST  /  lOOCOOOCCOO.C) ; 

euuc  •  bmult;  <•  'ikal  result  •) 


IE  CCCNSJ'gjC  then 


iuILC  ;*  C1CCNST  »  (C<CONST  /  10.0  ♦  (C3C0NST  /  100.0  ♦  (CACONST  /  10CC.0)  ♦  CCSCONST  / 
EUILO  :=  BU1LC°S^(C6CCNST  /  ICOOCC.9)  *  <C7CCNST  /  ICCOCCO.O)  ♦  (CBCOInST  /  ICCOOCOO.O  ♦ 
BUILc"»'(ClCCpJ?T°/°f88c8ioCCO.O)  ♦^(CIICONST^/  100C000C000.0); 


ENC; 

CASE  ANPGAIN  OE 
CiBEGIN 


•UlLO 

CCONST 


'  euiLC  *  cmult; 


ENc; 

1  :eECIK 


range  :• 

CEESETE;* 
CEESETS:» 
AC0EE1 := 
EC0EF1 := 
CC0EF1 :> 
CCOtFI :• 


O.AC) 


enc; 

2:BEGIN 


RANGE  :> 
CFFSETN:: 
CFFSETB:* 
AC0EF1 ! * 
ECC'FI 
CCOE‘1 
CCOcFI 


2.5; 

7.SB1E-0J; 

-0.;i39’7e-1i; 


RANGE  :> 
CFFSETN:* 

C'fjite  :« 

•COEFI •• 
‘COeFI :« 


i.c; 

7.5E1E-C3; 
•14.A9; 
1.1212E; 
•O.aUOE  3C-C4; 


(•  FINAL  RESULT  *) 


s.c; 

7.54IE-C3; 
■13. Is; 
5.25372; 
0.75B0A5E*0a; 
0.1E 57‘)E-et; 

‘  MciE-ic; 


<•  5.C  VCLT  range  •) 

(•  THIS  RANGE  IS  UNUSED  *)  -  .  . 

(•  NUMBER  OF  BITS  DRIFT  IN  A/D  OFFSET  BETWEEN  -AC  t  A20  •) 


<»  2.5  VCLT  RANGE  *) 

(t  THIS  RANGE  IS  UNUSED  •) 

(•  NUF7ER  OF  BITS  DRIFT  IN  A/C  OFFSET  BETWEEN  -AC  t  *20  •) 


(•  1.0  VCLT  range  •) 

(•  NUF5ER  OF  BITS  DRIFT  IN  A/D  OFFSET  BETWEEN  -AC  t  *20  *) 


end; 


enc; 

!:FECIN 


enc; 

AiBEGIN 


range  :>  g.5; 

CFFSET«:«  7,jo1E-03; 
:f«sct*:*-1S.<9; 
ACOEFI;.  g.5C32|1;  „ 
ecoEFi:*  g.ji/AlBE-gA; 
CCCS'I:*  -g.2j5gEAf-S7; 
CCCEFI:.  0.5509CEE-11; 


ENo; 

5 :9ECIN 


enc; 


CFF^^tA:*  ?I?»iE-0); 

CFFSE1*;«-21.«9; 

AcgEFi:.  g.iiAs*^; 


<*  0.5  VCLT  range  •) 

<*  NUNBER  of  bits  DRIFT  IN  A/0  OFFSET  BETWEEN  -AC  t  *20  •) 


RANGE  :•  0.<S; 

CrFSETN:'  7.5<1E-C3; 

icOEM  :i’"J?i|oiA7; 
•COEFI:.  -O.K3il1E-C3; 
CCOEFl:*  g.!913A3E-C7; 
CCOEFi:.  -O.AE3AeC*-1i; 


<•  0.25  VCLT  range  •) 

(•  NUFBER  OF  BITS  DRIFT  IN  A/C  OFFSET  BETWEEN  -AC  I  *20  •) 


(•  0.10  VOLT  RANGE  *) 

(*  NUFFER  OF  BITS  DRIFT  IN  A/0  OFFSET  BETWEEN  -AC  (  *20  *) 


eCOcFI:.  -g.lA5211E-CA; 

CCOEFI:.  g.iBQj’BE-oe; 

CCOEFI:.  -0.217719t-12; 


F);  (• 


VFS  :•  ACOEFI  *  (ECOEFI  «  AMETHR)  *  (CCOEFI  •  ANETNR  •  AN4TNR)  *  (0CCEF1  *  ANBTNR  •  ANBTFR  *  Al 

rULL  SCiLC  VCLTAGE 

T  :.  NUMBER  *  (0FF5ETF  *  AM6TMF  *  OFFSETS);  (•  CALC.  THE  OFFSET  DRIFT  FOR  THE  A/C  I  CORRECT  'NUMBER*  •) 

MVAOC  ;.  (T/A095)*VFS;  (•  CALC.  THE  ACTUAL  VOLTAGE  CCINC  INTO  TKE  A/C  CCNVERTER  •) 

(•  analog  *CB  CORRECTION  FACTCR  FOLLOWS...  *)  .  ... 

Cl  :.AC0EF2  *  (EC0EF2  •  AMBTRR)  *  (CCOEFI  *  AWBTFR  •  AMBTMR)  ♦  (CC0EF2  •  AMBlMP  •  AMBTMR  •  AMBTHR); 

MVTRUE  ;>  MVAOC  *  Ci;  (•  CALC.  THE  actual  mV  ACROSS  THE  THERMISTOR  •) 


CTUA 


RES  :.  MVTRUE  /  12.207‘-CA; 


(*  finalLT  CCNVERT  mV  to  resistance  •) 


T  :>  LN(RES); 

I  :>  ACONST  *  5 
TEMP  :.  I.C 

IF  IROFlAG  .  1  tfen 
BEGIN 

CFFSBT 


♦  9CCNST  *  T  *  CCONST  *  T  •  SOR(T);  (•  STEINMART.  HART  ECUATION  *) 

/  >  -  275.15;  (•  CONVERT  TC  CELSIUS  •) 


!.  TEHR  -  C.OI; 


(*  calc,  offset  for  thermistor  in  TRIMLE-MOINT  CELL  •) 


ZROFLit-  :•  o; 


RESET  THE  FLRO  •) 


TEMP  :»  TEMP  -  OPPSE’; 

IP  TEMP  >•  0,0  TPEN 
TEMP?5n  :»  0 

ELSE 

TEMPSIK  :»  i; 

TEMP  :=  ASSETEPP); 

TEMP  :=  TEMP  *  O.OOS; 

TcMPd  :»  trlnc(temp): 

TEMP  :»  TEMP  -  TEMPril; 

templc  :=  trl'ncetemp  .  ioc.O>; 


(*  REMOVE  Tme  system  offset  •) 

t»  POSITIVE  TEMPERATURE  •) 

(*  NECATIVE  TEMPERATURE  •) 

(•  CHAN5E  TO  POSITIVE  VALUE...  •) 

(•  ROUND  TO  2  decimal  PLACli.  •) 

(•  UPPER  TUO  DIGITS  CF  TEMPERATURE  ») 
(•  KEEP  THE  fractional  part  •) 

(•  LONER  TUO  CIGITS  CF  TEMPERATURE  •) 


(•  EN;  CF  TEMPCALC  PPCCECURE  •) 

(•  EcGIN  i  ENC  OF  'MAIN  MODULE'  •) 


N8080 

public 

PUBLIC 

PUBLIC 

PUBLIC 

PUBLIC 

Public 

public 

PUBLIC 


ACORCC. 

CLNECC» 

enohc;> 

HCRVCC# 

J«ORCC> 

RtCcCC. 

s»sjc;. 

A  A  SGlL  f 


AC2RC0/ 

csAEc;. 

FACRCG* 

INTnCO. 

LCKJCOy 

FEFECS. 

STKBCiy 

AAAGCCy 


ACSROCy 

CUPHCCy 

FRPAOiy 

JlORCCy 

FCSRSLy 

SEPECS. 

STAHCC. 

IMMRT 


ACARCCy 

ECNUCCy 

GAPHCCy 

jZCRCCy 

PSZRCCy 

RESECCy 

AXiGCCy 


FEGHGG 

EFGXCC 

MORFC: 

JSOROC 

FNUACC 

e=TACC 

AA2GCC 


AC2RC::CS1 

AC3RCi:CS1 

ACARCC:0S1 

e£GMCC:OSi 

ClNECC:0S2 

csAEoaiosI 

CURn30:0S| 

ENOhCCsOSZ 

J1Q«0G:0S1 

jililllil! 

181 

pnUXCC:0S2 

RECEQClOSl 

REFECC:CS| 

REPEgC:0|| 

RESESC;0|2 

RETXC(:CS2 

AX4GCC:  CS  2 

ECNJCC:0S1 

CSEG 

LCNJCC:0EECNUC0-FRPXC: 
Dn  C 

tMNRT:  CN  190CH 

DSEG 

EFCXCC:3S1 

CSEG 

GAPHGe:OM123 


i  fill  iP  «itM  IcMPit  available  rxM  IccpTion 


INTHaS;CSf 

STKBCCOS; 

SPSJGC:CS2 

ENO 


NeObC 


>>>  S*fNT)i,M4C  <<< 


title  SntK?  •  tntry  /  «Kit  code  ♦or  Micro50ft  PO^O  Poscol 
SuSTTL  Strrcl#*-II  version 

Systtir  £ind  crocedurt  entry  end  exit  ocint  routines 

Williair  Acril  1952 

Glctals 

Public  ista^t 

PUBLIC  E£GXCQ#3CTf CC#9NCXCC#E0Tf CC^PPShCC 

exTPK  eEGHCOx5EGOOQ#C$X£C^#CUftHCO^tPGXOQ 
ExTfiK  ENDnCC/cKCOCC/ENOLQCrENOTCO^EKTGCC 
cxTRK  FRPXCGxGAPHGC#HOPFGQrHCft«CCrtKlUCO 
FxTRK  :NThCC#PKUXGCxPEC£OC#REPFO?rR£PcCC 
cXTRN  PcS£CG#S7X»C:#STXhC2 


extra  SMMRV 
•  Oellned  sy<rt>ols 

**eMTP  SET  1FPFH  ;Top  of  availfble  »eeory  (note  constants  ere  ectel) 

cXlT  SET  C006H  ;e4^r  cf  exit  routine 


SSTART:  JHP  eEGXC; 

SUBTTL  fiecxcq  -  systee  entry  point  end  ini t ie 1 ize t ion  routine 

;  Mein  system  entry  point  end  initielixetion  routine 

i  1)  Xnit  the  stack  pointer/  frame  pointer#  end  stkbqo. 

«  cT  Init  EFGXQG  to  xerc. 

/  3)  Init  the  heap  unit#  ie«  set  beqhear  curhoq#  endhoar  end  stkhoQ* 

;  4)  Init  the  mecrine  error  centext  by  xeroinc  reseoa. 

/  S)  Init  the  source  error  context  by  xeroing  csxeco* 

:  6)  Init  the  unit  initielixetion  system  by  xeroing  pnuxqe* 

/  7)  Init  the  file  system  by  xeroing  hdrfqc  end  hdrvqq. 

/  E)  Init  the  mechlre  deperdsnt  file  system  by  celling  iniuoo. 

;  9)  Cell  the  esceoe  initielixetien  routine  begooq. 

i  1C)  Cell  the  mein  prcgrem  et  entgoq. 


acGxcc: 


SHLO 

SmlC 


c 

E 

h/O^C 

CSXECC 

CRPXCC 

FNUXwC 

RESECQ 

hORFCG 


/(GMT)  return  address  of  PLM  cede 
;init  the  frame  pointer 
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of  off««t  tc  i"y  colltr'i  roturn  addrott 


I 


bRTX: 


MOV 

CM* 

*#C 

MOV 

C#A 

MOV 

CM* 

*#5 

MOV 

E#A 

INX 

C 

LHLO 

FRPXCQ 

CAC 

C 

MOV 

E#M 

INX 

h 

MOV 

C/M 

INX 

XCHO 

h 

SnLO 

XCHG 

SEPECC 

MCV 

E/M 

INX 

H 

MOV 

XCHG 

C/M 

SHLC 

RePECO 

LXI 

h/OhC 

SHLC 

RECHCQ 

LHLO 

FRPXCC 

LXI 

C/2^C 

0*9 

C 

ShLO 

RET 

sESsc: 

S'JBTTL 

Endxcq 

;CE  :*  - 


#HL  :«  my  callor'a  frtao  pointor 

#HL  addrass  gf  wy  callar  «  raturn  addrass 

#0E  i*  ay  collar's  ratwrn  addrass 

*stora  t^a  usar's  oc 

»Cf  :«  ay  collar's  savad  fraaa  pcintar 


«saya  tha  usar's  fraaa  peiatar 

#tha  tCflO  is  an  unsacaantad  aachina*.. 

#  se  sava  0  as  lha  sagaant  basa 

jay  collar's  callsr's  stack  pointar  is  aoual 

j  to  ay  callar  s  fraaa  pointar  ♦  2 


jand  of  ifa  coapil 

systaa  aait  poirt  and  tarminatien  rcutina 


Main  systaa  tarninatior  routina 


1)  If  8FGXQC  is  xarc#  invoka  tha  ascapa  taramation  routina  EMOCCC* 

2)  Closa  all  opan  filas  by  calling  andyoc* 

3)  Invoka  tha  aachira  daoandant  ftla  systa*  tanpination  routina^  anduqo* 
3)  Raturr  tc  Starcla*  by  •  junp  to  6xlT 


09 

C 

ENDXCC : 

LC* 

EPGxCg 

CR* 

A 

JNI 

ENXI 

INR 

A 

ST* 

EPGXCO 

CALL 

ENOOC; 

ENxI : 

CALL 

ENOTC; 

CALL 

ENOUCC 

JMP 

EXIT^O 

SUSTTL 

Ertacq  *  amt  point  halpar  for  Sruntiaa 

/  procadu^a  artacqj 

tRurtiaa  amt  coint  halpar  -  if  I'a  raturning  froa  tha  too  laval 
antry  mtc  tha  runtiaa  systaa#  rastora  tha  arror  contait 


6RTECC: 


cRTX: 


Od 

C 

LHLO 

RcSECQ 

;hl  : 

XCHG 

;CE  ; 

LHLO 

PRPXCO 

;hl  : 

INX 

h 

;hl  ; 

INX 

H 

MOV 

A/L 

;if  ■ 

SU9 

E 

;  i< 

MOV 

A/H 

$96 

C 

OC 

ERTX 

LXX 

h/ChC 

SHLC 

RcT 

SESECQ 

/and 

subttl 

Fsshoa  - 

public  subreutira  t< 

:*  arror  contaat  tp 
:>  c(rasaao) 

;»  currant  fp 

;s  ny  collar's  callor  s  sp 

sp  graattr  than  cr  aoual  to  rattoo# 
laro  arror  contast 


STXh^C  is  usad  to  catact  collisian  (aithln  C*RhCQ>  ef  tha  stack  and 

tha  haap;  thay  ra 


too  closa* 

f xsHc; 


IMLC 
xChG 
LHLO 
0*0 
MOV 
CM* 

MOV 
MOV 
CM* 

MOV 
INX 

SH^o  STKHcg 
»»37? 


STKHCg  t^ould  «l«*irs  tflutl 
ENCHCQ 


C*PM£I 

C 

•  /L 

h#* 

► 


GiPHgc). 

•ndhqor  HL  :<  tcrqtch 
C  Kohce 


HVf 

JT» 

«eT 

'NO 


_ 70 

intncs 


ISTPCT 


;nl  :•  •nqhao 
it 


;a»k«  it  tBO*t  ccnpltirtnt 

the  hqnp  pretkCtlen  tpatpNort 


fN9 

!r*l*«$*  th*  fpfp  pret 


APPENDIX  B;  INSTRUCTIONS  FOR  OPERATION  OF  THERMISTOR  METER  VERSION  1.0 


Getting  started 

1.  Connect  a  thermistor  to  the  connector  on  the  top  panel.  Make  sure 
all  connections  are  clean  and  dry.  If  the  Instrument  Is  submerged 
while  In  use,  remove  the  thermistor  connector  and  make  sure  that 
the  pins  are  dry.  Any  trater  could  cause  a  leakage  path  around  the 
thermistor  and  have  the  effect  of  raising  the  measured  teiq>era- 
tures  slightly.  This  effect  will  be  more  pronounced  when  low 
temperatures  are  being  measured. 

2.  Turn  the  CHARGE/OFF/ON  switch  to  the  ON  position. 

3.  If  the  constants  for  this  thermistor  have  been  entered,  the  actual 
temperatures  will  be  displayed.  If  different  constants  are 
required  then  follow  the  Entering  constants  procedure.  If  “FFFF” 
Is  on  the  display  then  follow  the  Entering  constants  procedure 
from  step  2.  (You  will  not  be  allowed  to  exit  the  FUNCTION  mode 
until  all  three  constants  have  been  entered.) 

Entering  constants 

1.  Enter  "F"  to  Invoke  the  FUNCTION  mode.  "FFFF”  should  be  on  the 
display. 

2.  Enter  "EA,",  "EB"  or  "EC"  to  enter  a  new  A,  B  or  C  constant 
respectively.  For  example  to  enter  a  new  ”B"  constant  simply  type 
"EB." 

3.  The  display  will  now  show  "AAAA,"  "BBBB"  or  "CCCC."  The  11 
digits  must  now  be  entered,  with  trailing  zeroes  If  needed.  The 
display  will  scroll  to  the  left  as  they  are  entered.  If  you  make  a 
mistake  you  may  back  up  a  digit  at  a  time  by  entering  "B".  This  will 
cause  the  display  to  scroll  to  the  right.  Any  digits  that  roll  off 
the  right  end  of  the  display  are  lost  and  nist  be  reentered.  After 
entering  the  eleventh  digit  you  will  be  returned  automatically  to 
function  mode  signified  by  "FFFF"  on  the  display. 

4.  Repeat  steps  2  and  3  as  needed. 

5.  The  constants  may  be  verified  by  following  the  procedure 
Displaying  constants  from  step  2. 

6.  Return  to  the  teiqperature  mode  by  entering  "EE.” 
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Displaying  constants 

1.  ENTER  ”F"  to  get  Into  the  FUNCTION  mode.  "FFFF"  should  be  on  the 
display  now. 

2.  Enter  “DA,"  "DB"  or  "DC"  to  display  the  A,  B  or  C  constant.  The 

first  four  digits  of  the  mantissa  will  be  displayed.  You  may  look  at 
the  rest  of  the  digits  pressing  any  key.  Each  keypress  will  bring 

up  the  next  group  of  four  digits  until  all  12  have  been  seen.  The 
third  keypress  will  bring  you  back  to  the  function  mode,  signified  by 
"FFFF"  on  the  display. 

3.  Return  to  the  temperature  mode  by  entering  "EE." 

NOTE:  If  you  make  a  mistake  and  enter  an  Illegal  command,  the  display  will 
blink  "EEEE"  at  you  briefly  then  return  to  "FFFF".  You  may  now  try 
again. 


There  are  rechargeable  batteries  In  the  meter.  They  may  be  charged  In  the 
following  manner: 

1.  Turn  the  CHARGE/OFF/ON  switch  to  the  OFF  position. 

2.  Locate  the  line  cord.  It  has  a  three-pln  grounded  plug  on  one  end 
and  an  elght-pln  Bendlx  connector  on  the  other. 

3.  Mate  this  Bendlx  connector  to  the  one  on  top  of  the  Instrument  and 
lock  It  In  place.  Make  sure  the  pins  are  clean  and  dry. 

4.  Plug  the  other  end  of  the  line  cord  Into  a  grounded  llO-Vac 
outlet. 

5.  Turn  the  CHARGE/OFF/ON  switch  to  the  CHARGE  position. 

The  batteries  should  be  fully  charged  In  about  8  hours.  The  meter 
should  run  continuously  for  6-8  hours  under  normal  conditions.  The 
battery  life  may  be  less  when  the  ambient  temperature  Is  below  -20*’C. 

CAUTION:  The  meter  has  been  sealed  completely  to  waterproof  It.  Removal 
of  the  top  panel  or  turning  of  any  screw  heads  on  the  outside  of 
the  box  will  break  this  seal. 
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